Joint Torque Estimation Model of Surface Electromyography(sEMG) Based on Swarm Intelligence Algorithm for Robotic Assistive Device  by Nurhanim, Ku et al.
 Procedia Computer Science  42 ( 2014 )  175 – 182 
Available online at www.sciencedirect.com
1877-0509 © 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).



















D5H=9BHG IG9 =H 9::97H=J9@M 8I9 HC 8=::=7I@HM C: HCFEI9 G9HH=B; H<5H =G GI=H56@9 :CF H<9 IG9FACJ9A9BH	 @97HFCAMC;F5D<M &  G=;B5@
A95GIF9G H<9 9@97HF=75@ G=;B5@ C:AIG7@9 7CBHF57H=CB	,<9& 65G98 FC6CH=7G 5GG=GH=J9 H97<BC@C;MKCI@8 9B56@9 H<9 GHFC?9D5H=9BHG HC
7CBHFC@ H<9 FC6CH ACJ9A9BH 577CF8=B; HC H<9 IG9FVG CKB GHF9B;H< C: B5HIF5@ ACJ9A9BH	,<=G D5D9F 8=G7IGG9G H<9 A5DD=B; C: GIF:579
9@97HFCAMC;F5D<MG=;B5@GG& HCHCFEI9:CFFC6CH=7F9<56=@=H5H=CB	)5FH=7@9GK5FACDH=A=N5H=CB )+(<5G699B5DD@=985G 5 7CBHFC@
5@;CF=H<A:CF5BIA69FC:G9@97H98A5H<9A5H=75@AC89@G	G& G=;B5@GK9F9 89H9FA=B98 5G=BDIH 85H5 HCH<9A5H<9A5H=75@AC89@K<9F9









5FH<F=H=G 5B8 F9;=CB5@ D5=B GMB8FCA9 5F9 5@GC A5>CF 75IG9G C: 8=G56=@=H=9G C: GHFC?9 D5H=9BHG 23	*9<56=@=H5H=CB H<5H
=BJC@J98H<9D<MG=75@H<9F5DM<9@DGH<9 F97CJ9FM C: @=A6:IB7H=CBG 23	CBJ9BH=CB5@F9<56=@=H5H=CBH<9F5D=9GF9EI=F98





© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Center for Humanoid Robots and Bio-Sensing (HuRoBs)
176   Ku Nurhanim et al. /  Procedia Computer Science  42 ( 2014 )  175 – 182 
(B9C: H<99LD5B8=B; H97<BC@C;=9G HC9B<5B79 H<9 F97CJ9FMDFC79GG :CF DCGH GHFC?9 D5H=9BHG =G FC6CH=75GG=GH=J9 89J=79 :CF
F9<56=@=H5H=CB	 ,<9 58J5B798 FC6CH=7G H97<BC@C;M =G 56@9 HC D9F:CFA 7CBG=GH9BH HF5=B=B; K=H< @9GG GID9FJ=G=CB :FCA H<9
H<9F5D=GH23	,<9FC6CH=7 5GG=GH=J989J=79 IH=@=N9GH<9GIF:5799@97HFCAMC;F5D<MG=;B5@GG& 5G 5 7CBHFC@=BDIHHC9GH=A5H9
H<9A5;B=HI895B88=F97H=CBC:HCFEI9:CFH<9FC6CH=7>C=BH9LCG?9@9HCB	8J5BH5;9GC:& G=;B5@G5G57CBHFC@@=B;G=;B5@C:
5GG=GH=J9 89J=79 5F9 &  G=;B5@G 56@9 HC A95GIF9 AIG7@9 57H=J=H=9G 5B8 F97C;B=N9 H<9 =BH9B898 ACJ9A9BH 6M H<9
D5H=9BHG	,<9=B:CFA5H=CB:FCAH<9& G=;B5@G75B695DD@=98HC9GH=A5H9H<9<IA5B89G=F98ACJ9A9BH23	
*9G95F7<9FG<5J98CB9G9J9F5@KCF?GCBA5H<9A5H=75@AC89@G 5B86@57?6CLAC89@ HC9GH=A5H9 H<9>C=BH HCFEI9 65G98CB
:CF79DFC8I79C: H<9AIG7@9 7CBHF57H=CB	!=@@65G98AIG7@9AC89@ F9:9FF98 HC H<F999@9A9BHAC89@C:AIG7@9A97<5B=75@
F9GDCBG9H<5H =G IG98HC7CBJ9FHG& G=;B5@GHC>C=BH HCFEI9HCA5=BH5=BH<9DCGHIF9C:5FA23	!=@@65G98AIG7@9AC89@
5@GC<5G699BC6H5=B98HC DF98=7H>C=BHHCFEI9:CF@9;235B?@9239LCG?9@9HCB5B85@GC5FA9LCG?9@9HCB5DD@=75H=CBG
23	*9G95F7<<5G699B8CB9IG=B;DC@MBCA=5@9EI5H=CBG HC7CBJ9FHG& G=;B5@G:CFDF98=7H=CB>C=BHHCFEI9=GCA9HF=7G5B8
EI5G==GCA9HF=7 7CBHF57H=CB23	 *9G95F7<CB G& <5G699B 75FF=98CIH CB89H97H=CB 5B5@MG=G :95HIF9 9LHF57H=CB >C=BH
HCFEI99GH=A5H=CBIG=B;;9B9H=75@;CF=H<A=B2 5B83	 *9;F9GG=CB5B5@MG=G<5G699BD9F:CFA98HC9GH=A5H9H<9>C=BH
HCFEI9IG=B;A5H<9A5H=75@AC89@G 5GDFCJ9BC: 69GH:=HA5H<9A5H=75@ AC89@K=H<CDH=A=N5H=CBIG=B;%9J9B69F;&5FEI5F8H
23G=AI@5H985BB95@=B;5B8;9B9H=75@;CF=H<A23:CFH<9IDD9F@=A6:IB7H=CB	
,<9 9GH=A5H=CB C: >C=BH HCFEI9 =G =ADCFH5BH HC7CBHFC@ H<9ACH=CBC: FC6CHG :CF F9<56=@=H5H=CB	 ,<9 &5H<9A5H=75@AC89@ =G
IG98 HC 7CBJ9FH H<9 G& G=;B5@G :CF 9GH=A5H=CB C: HCFEI9 J5@I9	 ,<9 9GH=A5H98>C=BH HCFEI9 KCI@8 69 89H9FA=B98 6M
CDH=A=N=B;H<9D5F5A9H9FGC:H<9A5H<9A5H=75@AC89@HCH<9B95F9GHJ5@I9C:57HI5@HCFEI9	FH=:=7=5@=BH9@@=;9B795@;CF=H<AG
5F9 IG98 HC CDH=A=N9 H<9 =BH9FB5@ D5F5A9H9FG C: H<9 A5H<9A5H=75@ AC89@ HC :=B8 H<9 69GH :=H A5H<9A5H=75@ AC89@ 5B8
A=B=A=N9H<99FFCF69HK99B9GH=A5H98 >C=BH HCFEI95B857HI5@ >C=BH HCFEI9	,<95=AC:H<=GD5D9F=GHC9GH56@=G<A5H<9A5H=75@
AC89@G:CFG& G=;B5@7CBJ9FG=CBHC9GH=A5H98 >C=BH HCFEI9IG=B; D5FH=7@9GK5FACDH=A=N5H=CB )+( 5@;CF=H<A	
 " 
 "5)&."5*$"-.0%&-0'450+0*/550326&$0/7&34*0/

































 					 ***** 6969696969  
*699 	  
	

 	 *6999* &6
 
G=B	7CG	  ** 69699  
G=B	 *699  
K<9F9
 HC   A5H<9A5H=75@AC89@:CF9GH=A5H98 >C=BHHCFEI9
*6 DFC79GG98 G& 85H5G5AD@9
*9 K<9F9=		5GF5B8CAJ5@I9D5F5A9H9F5GGC7=5H98
K=H<G9@97H98 A5H<9A5H=75@ AC89@	






























*.  A95GIF98 >C=BH HCFEI9
*  A5H<9A5H=75@AC89@ *ZZ
 &(3&44*0/"/"-:4*4
,<9:=HB9GG:IB7H=CBGIAC:GEI5F989FFCF ++ =BEI5H=CB:CFAGF9;F9GG=CB5B5@MG=GH<5H75B69A=B=A=N98 IG=B;
D5FH=7@9 GK5FA CDH=A=N5H=CB )+(	 )+( G95F7<9G H<9 CDH=AIA J5@I9G C: D5F5A9H9F 9* 5GGC7=5H98 K=H< H<9 G9@97H98
A5H<9A5H=75@AC89@	=;	 G<CKG H<9:@CK7<5FHC:D5FH=7@9GK5FA CDH=A=N5H=CB)+(5B8,56@9 D5F5A9H9FG9HH=B;C:)+(	
5
=;	 @CK7<5FHC: )5FH=7@9 +K5FA (DH=A=N5H=CB)+(












,<97CFF9@5H=CB 69HK99B9GH=A5H98 >C=BHHCFEI95B8A95GIF98>C=BH HCFEI9IG=B;)95FGCB7CFF9@5H=CB 5B8C9::=7=9BH C:





































*. A95GIF98 >C=BH HCFEI9
. .&"/4 A95BC:A95GIF98 >C=BH57HI5@HCFEI9
4 *.&"/ A95BC:9GH=A5H98>C=BHHCFEI9
 
*5K85H5:FCA H<9 85H565G9:FCA23<5G699BIG98 IG=B; UJ5GHIG@5H9F5@=GV AIG7@9G :CF ACJ9A9BHH5G? C: ?B999LH9BG=CB
PC:CB9 GI6>97HK=H< :=J9 HF=5@G K<=7<DFCJ=89 H<9 F5K85H5C: G& G=;B5@5B8A95GIF98J5@I9C:57HI5@ HCFEI9 :FCA
HCFEI9 G9BGCF	+=;B5@ DFC79GG=B; 5B5@MG=G K5G 75FF=98 CIH IG=B; H<9 GC:HK5F9 & /CF?G B5@MG=G J9F	 		 +=;B5@
DFC79GG=B;C:G& G=;B5@G 5F9 5G:C@@CKG
 *-5&3*/(
5B8D5GG:=@H9FC: H<9H<CF89FIHH9FKCFH<:=@H9F =G 5DD@=98HCF9ACJ9H<9BC=G9 G=;B5@	 ,<9 7IHC:: :F9EI9B7M<5G699BG9H HC









































179 Ku Nurhanim et al. /  Procedia Computer Science  42 ( 2014 )  175 – 182 
 64$-&"$5*7"5*0/
9H97H=CBC:C::@=B9A9H<C8 =G 5DD@=98=B9@GMG& /CF?GB5@MG=GJ9F			,<9@CK9GHJ5@I9:FCAG& G=;B5@G K5G
7CBG=89F98 5GBC=G9@9J9@	B57H=J9F9;=CBC:AIG7@9 K5G 7CBG=89F98 5GH<9*&+G& G=;B5@GJ5@I9	
   	 
=;GHC G<CKH<9F9GI@HG6MD@CHH=B;H<99GH=A5H98>C=BHHCFEI9:FCA  HC  K=H<H<9A95GIF98>C=BHHCFEI9:CF
?B999LH9BG=CBPIG=B;)+(:CFHF=5@,C:CB9GI6>97H	,<9F9GHC:H<9F9GI@HG5F9BCHG<CKB<9F98I9HCD5;9
@=A=H5H=CBG	
=;	 GH=A5H98>C=BHHCFEI9:CF =;	 GH=A5H98>C=BHHCFEI9:CF
=;	 GH=A5H98>C=BHHCFEI9:CF =;	 GH=A5H98>C=BHHCFEI9:CF 




&(% , , , , , J9F5;9
+H5B85F8
89J=5H=CB
 	 	 	 	 	 	 	
 	 	 	 	 	 	 	
 	 	 	 	 	 	 	
 	 	 	 	 	 	 	
 	 	 	 	 	 	 	
 	 	 	 	 	 	 	
 	 	 	 	 	 	 	
 	 	 	 	 	 	 	
180   Ku Nurhanim et al. /  Procedia Computer Science  42 ( 2014 )  175 – 182 
 	 	 	 	 	 	 	
=;	 FFCF65F957<A5H<9A5H=75@AC89@C: 




&(% , , , , , J9F5;9
+H5B85F8
89J=5H=CB
 	 	 	 	 	 	 	
 	 	 	 	 	 	 	
 	 	 	 	 	 	 	
 	 	 	 	 	 	 	
 	 	 	 	 	 	 	
 	 	 	 	 	 	 	
 	 	 	 	 	 	 	
 	 	 	 	 	 	 	
 	 	 	 	 	 	 	 =;	FFCF65F957<A5H<9A5H=75@AC89@C: 
FCA,56@9 5B8F9DF9G9BH98;F5D<=75@@M=B=;	 5B8,56@9 5B8F9DF9G9BH98;F5D<=75@@M =B=;	=H75B69:CIB8H<5HH<9
69GHA5H<9A5H=75@AC89@=G  65G98 CBHC H<95J9F5;9J5@I9 :CF5@@ GI6>97HG C:  5B8  7CAD5F=GCB69HK99B9GH=A5H98
>C=BHHCFEI95B8AC89@@=B;>C=BHHCFEI9:CFH5G?ACJ9A9BHC:?B999LH9BG=CBP	CF  =H75B69G99BH<5HH<95J9F5;9
J5@I9C:  =G 	Q	 5B8 H<9 5J9F5;9J5@I9C:* =G 	Q		 ,<9A5H<9A5H=75@ AC89@ C:  =G H<9 G97CB869GH
A5H<9A5H=75@ AC89@ K<=7< H<9 5J9F5;9 J5@I9 C: * =G 	Q	 5B8 H<9 5J9F5;9 J5@I9 C: * =G 	Q		 ,<9 F9GI@HG
C6H5=B98 :FCA=G :CIB8 H<9 @CK9GH 5J9F5;9 J5@I9 C: * H<5H =G 	Q	 5B8 @CK9GH 5J9F5;9 J5@I9 C:  H<5H =G
	Q		
=;	 =@@IGHF5H9G 5B9L5AD@9C:;F5D<C::=HB9GGJ5@I9K=H<F9GD97HHC H<9BIA69F C: =H9F5H=CBG :CF?B99
9LH9BG=CBPIG=B;)+(5@;CF=H<A C: 	
=;		 ,<9:=HB9GGJ5@I9 GIAC:GEI5F989FFCFF9GD97HHC H<9BIA69F C: =H9F5H=CBG :CF?B999LH9BG=CBP
,<9F9GI@H C: H<9GIA C:GEI5F989FFCF ++BIA69F C: =H9F5H=CB5B89L97IH=CB H=A9  =G F9DF9G9BH98 =B,56@9:CF957<
A5H<9A5H=75@AC89@ :CF HF=5@ , HF=5@  , HF=5@  , HF=5@  , 5B8 HF=5@  , :CFACJ9A9BH ?B99 9LH9BG=CB
PCDH=A=N5H=CBC:)+(5@;CF=H<A	
















 	  	 	  	 	  	
 	  	 	  	 	  	
 	  	 	  	 	  	
 	  	 	  	 	  	
 	  	   	 	  	
 	  	   	 	  	
 	  	 	  	 	  	
 	  	 	  	 	  	
 	  	 	  	 	  	











 	  	 	  	
 	  	 	  	
 	  	 	  	
 	  	 	  	
 	  	 	  	
 	  	 	  	
 	  	 	  	
 	  	 	  	
 	  	 	  	
FCA,56@9=H75B69C6G9FJ98H<5HH<9=H9F5H=CB BIA69FC:D5FH=7@9GK5FACDH=A=N5H=CB)+(=G @9GGH<5B=H9F5H=CBG
:CF957< A5H<9A5H=75@ AC89@	 ,<9 9L97IH=CB H=A9 :CF 5@@ A5H<9A5H=75@ AC89@G =G @9GG H<5B  G97CB8G	 ,<=G G<CKG H<5H
D5FH=7@9GK5FACDH=A=N5H=CB)+( 5@;CF=H<A=GDFCJ=8=B; :5GH7CBJ9F;9B79H=A9K=H<F95GCB56@9 =H9F5H=CBG	
  
,<=GD5D9F<5G8=G7IGG98 H<95B5@MG=GC:>C=BHHCFEI99GH=A5H=CBC: BCB@=B95F A5H<9A5H=75@AC89@GH<5HA5D H<9G& G=;B5@G
HC C6H5=B9GH=A5H98 >C=BHHCFEI9	 ,<9CDH=A=N5H=CBC:5@@ D5F5A9H9FG =B957<A5H<9A5H=75@AC89@ K5G8CB9H<FCI;< )5FH=7@9
GK5FACDH=A=N5H=CB)+(	 CFF9@5H=CB5B5@MG=G K5G 5DD@=985G H<9GH5H=GH=75@ F9GI@HG HCJ9F=:M =: H<99GH=A5H98 >C=BH HCFEI9
J5@I9=G 7@CG9GH HC A95GIF98 >C=BH HCFEI9 J5@I9G	 "H 75B 69 898I798 H<5H H<9 69GHA5H<9A5H=75@ AC89@ :CF 9GH=A5H98 >C=BH
HCFEI9 =G H<9G9J9BH<A5H<9A5H=75@AC89@ :CF?B999LH9BG=CBP	,<=GA5H<9A5H=75@AC89@<5G699B 7<CG9B
65G98 CB 7CBG=GH9B7M C: H<9 5J9F5;9 J5@I9 C: 5B8  :CF :=J9 HF=5@G	GH=A5H98 >C=BH HCFEI9 7CI@8 69 IG98 HC 7CBHFC@ H<9
9LCG?9@9HCB=BJ5F=CIG5DD@=75H=CBGGI7<5G9F;CBCA=7G;5=H5B5@MG=GF9<56=@=H5H=CB5B85@GCGDCFHG9L9F7=G9	
!
,<9 5IH<CFG KCI@8 @=?9 HC H<5B? -B=J9FG=H=,9?BC@C;= ),*('+ -,) &CB5G< -B=J9FG=HM &5@5MG=5 5B8 -B=J9FG=HM









	 WKKK	GHFC?95GGC7=5H=CB	CF;XA9F=75B+HFC?9GGC7=5H=CB2('%"'3 8CKB@C58CBH<+9DH 	
	 "	 +5F5?C;@CI+	$CIG=8CI'	  	,G5;5F5?=G 	  	5@8K9@@I;	 WLCG?9@9HCB65G989L9F7=G9FG:CFH<98=G56=@=H=9GC:H<9IDD9F5FA
5B8<5B8X<	*9<56=@=H5H=CB*C6CH=7G"H97< 8I75H=CB5B8)I6@=G<=B;DD		
	 	+	+A=H<	 C@89B69F;	G<6CB 	W*9A98=5@ H<9F5DM 5:H9F GHFC?9 F5B8CA=G98 7CBHFC@@98 HF=5@X ,<9 F=H=G<&98=75@
#CIFB5@JC@	DD	
	 	
182   Ku Nurhanim et al. /  Procedia Computer Science  42 ( 2014 )  175 – 182 
	 &	5A	,CB=B+	5GGCB 	W ,<9 9::97HG C: @CB;H9FA F9<56=@=H5H=CB H<9F5D<M CB DCGHFC?9 <9A=D@9;=7 D5H=9BHGX+HC?9JC@	DD	
	




	 $K5??9@ $C@@9B	#$F96G	1W::97HC:FC6CH5GG=GH98H<9F5D<MCBIDD9F @=A6F97CJ9FM5:H9FGHFC?95GMGH9A5H=7F9J=9KX'9IFCF9<56	
'9IF5@*9D5=FJC@	DD		
	 	@9=G7<9F W CBHFC@@=B;  9LCG?9@9HCB K=H< &  G=;B5@G 5B8 6=CA97<5B=75@ 6C8M AC89@	X &5GH9F =GG99FH5H=CB ,97<B=G7<9 -B=J9FG=HRH
9F@=B	
	 I?+<=B#59<MC$=A05GI<5F5$C=?9	W&MC?=B9H=75FAAC89@ :CF9GH=A5H=B;>C=BHHCFEI95B8GH=::B9GG:FCA & G=;B5@G8IF=B;
A5=BH5=BDCGHIF9X#	'9IFCD<MG	JC@	DD		
	 @9=G7<9F/9;9		$CB85?$!CAA9@ 	 WDD@=75H=CBC:& G=;B5@G:CF9LCG?9@9HCBFC6CHX"B=CA98	,97<JC@	DD		
	 %	%	&9B9;5@8C%		9 (@=J9=FF5	 W::97H C:AIG7@9AC89@ D5F5A9H9F G75@=B; :CF =GCA9HF=7 D@5BH5F :@9L=CB HCFEI9 DF98=7H=CBX #	 C:
=CA97<5B=7G JC@	DD		
	 &	 	 =@9B69F;!	 9M9F !	!9FF	 WCBHFC@ C: 5 DCK9F 5B?@9:CCH DFCGH<9G=G 65G98 CB 5 B9IFCAIG7I@5FAC89@X ",F5BG57H=CB
'9IF5@+MG	*9<56	 B;	JC@	DD		
	 		5J5@@5FC#	*CG9B#C9@	)9FFM+H9D<9BIFBG 	W*95@H=A9AMCDFC79GGCFG:CF5B9IF5@7CBHFC@@98DCK9F9LCG?9@9HCB5FAX"
	 ,F5BG57H=CBCB=CA98	B;	JC@	DD	 T 	
	 	@5B7M'	!C;5B 	WGH=A5H=CBC: HCFEI9:FCAH<9GIF:579& 	X"BBI5@"BH	CB:	(:,<9B;	"B&98=7=B9=C	+C7 JC@	
DD	 	
	 @5AJ5NIH<= "	$		*$I'IF<5B=A)	.5G5BH+	)5F5GIF5A5B1	1I@=?55B8 		%=B; +IF:579@97HFCAMC;F5AG&  9H97H=CB5B8
B5@MG=G=BH<99J9@CDA9BHC:5BLCG?9@9HCBCBHFC@+MGH9A )FC7998=B;GC:IGHF5@=5BCBHFC@CB:9F9B79H<H<'CJ+M8B9M
IGHF5@=5"+'
	 @5AJ5NIH<="	%=B; 		'IF<5B=A$		*	$I	.5G5BH)	)5F5GIF5A5B+	+IF:579@97HFCAMC;F5D<MG& 95HIF9LHF57H=CB5G98




	 $<5@=@-@@5<#	!$=A 96	 WA5H<9A5H=75@AC89@:CFA5DD=B;& G=;B5@HC>C=BHHCFEI9:CFH<9<IA5B9@6CK>C=BHIG=B;BCB@=B95F
F9;F9GG=CBX)FC7	H<"BH	CB:	(BIHCBCACIG*C6CHG;9BHG /9@=B;HCBDD		
	 +	D5F5GIF5A5BF=:/	(.	% #5IK	W",97<B=EI9G HC 9GH=A5H9 AIG7@9 :CF79 5B8 >C=BH HCFEI9 :CF IDD9F9LHF9A=HMX #	$9MB;	&5H9F=5@
JC@	 DD		
	 KKK	=G6	CF;
85H5GCIF79	<HA@ CBH<DF=@	
